Quantum circuits are provided for realizing quantum communicational protocols involving teleportation and quantum information splitting (QIS) of single and two qubit states. We explicate these protocols through cluster states as the same is experimentally achievable. We describe quantum circuits for realizing the four and five partite cluster states using well known gates in quantum information and use them for implementing teleportation of an arbitrary two qubit state and QIS of a single qubit state using the four partite cluster state and the QSS of an arbitrary two qubit state using the five partite cluster state. All the schemes are experimentally realizable as they donot involve entangled measurements.
Introduction
Entangled photons [1] have been used for several quantum communicational protocols like teleportation, cryptography, secret sharing and superdense coding. Quantum teleportation [2] is the disembodied transfer of an unknown quantum state from one location to another, with the sender not knowing the information to be sent nor the location of the receiver. This acts as an important ingredient for different types of quantum communicational networks [3] and quantum computers. Bennett et al., [2] showed that an unknown single qubit state |ψ 1 = (α|0 + β|1 ) 1 , can be teleported from one place to another using an EPR pair given by
(|00 ± |11 ) 23 as a shared entangled channel between the sender and receiver. In this scheme, the sender Alice performs a joint Bell measurement on her pair of qubits 1, 2 and conveys the outcome of her measurement to Bob via two classical bits. Having known the outcome of Alice's measurement, Bob can perform a suitable unitary operation on his qubit and obtain the unknown qubit state |ψ 1 . Teleportation opens up the possibility of achieving several tasks like secret sharing [4] and one way quantum computing [5] .
Quantum secret sharing [6] deals with the sharing of quantum information and classical information among various parties by making use of entanglement. Sharing of quantum information using entanglement is often referred to as "Quantum information splitting" (QIS). Hillery et al. [4] proposed the first scheme for the QIS of a single qubit state |ψ 1 using a shared three qubit GHZ state of the form :
such that Alice possess qubit 2, Bob 3, and Charlie 4. Alice also has a single qubit state |ψ 1 , which she wants Bob and Charlie to share such that none of them can recover |ψ 1 completely by themselves. To achieve this Alice, initially, performs a Bell measurement on her qubits, so that the Bob-Charlie system collapses into a Bell type entangled state Recently, attention has turned towards the search for genuinely entangled channels which can be used for the deterministic teleportation and QIS of an arbitrary N qubit state [7, 8, 9 ]:
where α i 1 i 2 ...in ∈ C and Σ|α i 1 i 2 ...in | 2 = 1. The authors have shown this can be achieved through an experimentally feasible 2N qubit entangled "mirror state" [7] . For n = 2, several four [10, 11, 12] , five qubit [13, 14] and six qubit [15] entangled channels have been found useful for this purpose. Among them, cluster states are the most prominent as these have been experimentally realized in various systems [16, 17, 18] . The main hurdle towards the experimental realization of these protocols is that all these schemes involve arbitrary multiqubit measurements [19, 13, 15, 12 ] which are extremely difficult to realize in laboratory conditions. In an experimental scenario, measurement on a product basis is preferred as performing a Bell measurement is a non trivial task. This can be achieved by performing suitable quantum gates which are experimentally realizable.
Indeed, this technique has been used for the experimental implimentation of teleportation in N M R [21] and in quantum dots [22] for the teleportation of |ψ 1 . This gives us motivation to use this technique for quantum teleportation of |ψ 2 and for the QIS of |ψ 1 and |ψ 2 among two parties.
The QIS protocol for splitting of |ψ 1 can be achieved using the following circuit diagram :
Initially, a GHZ state is prepared in the first part of the circuit and distributed among Alice, Bob and Charlie such that they possess one qubit each. Later, Alice entangles the unknown qubit with her part of the entangled state by performing a CN OT gate and performs a Hadamard gate on her qubit. At this stage, the unknown qubit is entangled between Bob and Charlie such that none of them can obtain |ψ a by operating on their own qubits. However, |ψ a can be retrieved if they act together and communicate classically.
For instance, if Bob makes a measurement on his qubit after performing a Hadamard operation and convey the outcome of his measurement to Charlie via a classical bit, then
Charlie can obtain the unknown qubit by performing a suitable unitary operator. Thus the QIS protocol is complete by only product measurements.
Three qubit states are classified into two inequivalent classes under LOCC [20] : the GHZ and the W states. While the GHZ states can be used for quantum teleportation and information splitting as seen above, a symmetric W state cannot be used owing to lesser entanglement, though the latter are more "persistent". On the other hand, cluster states are simultaneously highly entangled and persistent [5] . Recently, the present authors devised [19] schemes for sharing of single and two qubit information using multipartite cluster states. In this paper, we shall demonstrate explicit circuits for the generation of the four and five qubit cluster states and implement quantum communicational protocols with them.
Physical realization
The four qubit and the five qubit cluster states are given by
To realize these states, we start with initial pure states |0000 1234 and implement suitable quantum gates between them. The four qubit cluster state can be generated by the following circuit diagram :
Similarly, we start with five qubits in the state |00000 12345 and generate the five qubit cluster state by the following circuit diagram :
Since the Haddamard [23] , CNOT [24] , SWAP [25] and controlled phase shift gates [26] have been experimentally realized in several quantum systems, the above circuit diagrams can be implemented in optical systems, quantum dots and NMR. 
It has been recently shown that [27] the four qubit cluster state can be used for the teleportation of an arbitrary two qubit state given by
Alice and Bob share the first two and the last two particles of a four qubit cluster state respectively. Alice performs a joint von-Neumann measurement on |ψ 2 and her entangled qubits and conveys its outcome to Bob via four cbits of information. Having known the outcome of Alice's measurements, Bob can perform a suitable unitary operation on his qubits and recover |ψ 2 . However, the scheme involves cluster based measurements which are not immediately realizable. Here we achieve the same using single qubit measurements by applying suitable quantum gates, making the scheme to be experimentally feasible.
Let us now turn our attention towards the QIS of |ψ 1 and |ψ 2 using |C 4 and |C 5
respectively. The four qubit cluster state has been used for sharing of a single qubit |ψ 1 [19] . In 
QIS of |ψ
Let us now turn our attention towards the QIS of an arbitrary two qubit state |ψ 2 .
|C 5 for QIS of |ψ 2
While there are a number of entangled channels which can be used for the QIS of a single qubit state, establishing protocols for QIS of an arbitrary two qubit state using genuinely entangled channels, which cannot be broken down into Bell pairs is a non trivial task [13, 19, 15] . The authors have previosuly shown that a five qubit cluster state and Brown state [13] can be used for this purpose. However, this scheme is not easily implimentable as it involves complicated multi-qubit measurements. Here, we demonstrate a protocol to achieve the same by using only single qubit measurements. The circuit diagram for carrying out this task is shown below : Figure 6 : Circuit diagram for QIS of |ψ 2 using the cluster state |C 5 |ψ 2
This protocol assumes significance, since five is the threshold number of qubits that is required for the QIS of an arbitrary two qubit state in the case where both the parties involved need not meet [19] .
Conclusion
Entangled photons have been used for production of multipartite entangled states like the Bell, GHZ and the cluster states. In this paper, we have explicated the creation and the use of multipartite cluster states through appropriate circuit diagrams involving only quantum gates which have been experimentally realized. On one hand, most of the schemes that deal with the QIS of an arbitrary two qubit state in the literature involve highly correlated measurements. These measurements, involving more than two particles are extremely difficult to implement. On the other hand, several schemes reported the QIS of |ψ 2 using only Bell type measurements but they used more number of entangled photons. We achieved the same here using only a five qubit entangled state and by employing only measurements on a product basis. We hope that this will lead to experimental realization of QIS of an arbitrary two qubit state, has been a challenge to the experimentalists.
